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Fig. 2 Fluorescence autocorrelution curves for the water-soluble QDs
with an emission peak at 610 nm and GFP i tetraborate bufler (pH = 9.2).
The correlation curves are litted by using one-component model (ref. 12c).

found to be 0,52, 0.53, 0.25, and 0.17 ms, respectively. By using the
value of the diffusion tme (0.74 ms) measwred for 14 nm
fluorescent  latex beads {Molecylar Probes, Inc. USA), the
hydrodynamic sizes are caleulated'? to be 9.8, 10. 4.7, and 3.2 nm
in diameter for 1-"* MUA- and MPA-coated QDs. and GFP,”
respectively. The difference in the size of the MPA- and MUA-
conted QDs suggests the igand-exchange of TOPO molecules with
the thiols. The size of I-coated water-soluble QDs is similar to that
of MUA-coated QDs and is two-times larger than that of MPA-
coated QDs. indicating thut the calix[dlarene carboxylic acids form
a bilayer structure with TOPO molecules that stabilize the surface
of QDs. The high emission efficiency of T-coated QDs may vesult
from the surrounding of the QD surface by the benzene units of
the calixarene. The hydrophobic benzene layer would make 4 high
shield towards the access of water molecules to the QD surface. As
a result, surface quenching of excitons in the QI can be reduced., ™

The colloidal stability of the T-coated QDs in tetraborate buffer
is estimated by {luorescence intensity after surface coating as
function of time at 25 'C, as shown in Fig. 3. The Auorescence
intensity of the 1-coated QDs gradually increases and becomes
constant after ca. 100 h. It should be noted that the speetral widths
(the full width at hall maximum) of the T-coated QDs are almost
constant (29 nm) over time. This indicates that no surfuce
detertoration and aggregation oceurs in the l-coated QDs, and
these QDs are stable in aqueous solution, For thiol-coated CdSe-
ZnS QDs, poor stabilities resulting from the aggregation and
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Fig. 3 Changes in Nuorescence intensity (open circles and squares) of
witter-soluble CdSe ZnS QDs (610 mim emission) after surlice coating in
tetraborate buller (pH = 9.2). For I-couted QDs, changes in speetral
widths ure also shown (closed circles).

Normalized G{z)

Fig. 4 Fluorescence autocorrelation curves lor T-coated water-soluble
CdSe ZnS QDs with an emission peak af 610 nm belore (open squares)
and afler (open circles) the addition of GFP antibody (PBS buffer.
plt = 7.4 in the presence of EDC.

precipitation of the QDs have been reported in - aqueous
solution. ™ In fact, it was observed that fluorescence intensity of
the MUA-~coated QDs gradually decreases and loses 37% of its
initia!} Muorescence intensity after 4 days (Fig. 3).

To test the utility of calixarene-coated QDs for biological
application, the coupling of antibodies to the calixarene-coated
QDs was performed using  1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide (EDC).'® Fig. 4 shows the fluorescence autocorrela-
tion curves of 1-coated QDs before and after the addition of GFP
antibody (Mouse monocional 1gG to GFP, Abcum Ltd, UK).
Upon addition of the antibody, the autocorrelation curve of the
1-coated QD immediately shills to the right and the curve becomes
stationary within 10 min. The diffusion time of the 1-coated QDs
changes from 0.52 ms to L0 ms. This change in the dilfusion time
indicates that the size ol the antibody-labeled QD increases to be
about twice that of the initial QD. From the value of the diffusion
time. the size of the antibody-labeled QD can be estimated as ca.
20 nm in diameter, suggesting that the antibodies bind to the
surface of the QD and form a single monolayer.

In conclusion, we have presented a simple and convenient
method for the preparation of biocompatible CdSe-ZnS QDs
using calix@larene carboxylic acids as surfuce coating agents. The
calixarene-coated QDs have high emission efficiency and long-
term stability in aqueous solution. Tn addition, the size of the
catixarene-coated QDs is relatively small (<10 nm in diameter) in
comparison with the water-soluble QDs earlier reported.™ In the
calixarene-coated QDs, calixarene molecules are bound to TOPO
capped QDs by hydrophobic interaction, To avoid possible
disintegration of the calixarene-coating in the cuse of interaction
with the cell membrane (lipid bilayer), cross linking between the
intramolecular carboxylic groups at the QD surface should be
necessary. So far, many kinds of amphiphilic calixarene derivatives
attaching sugars, peptides, chiral residues, and so on. have been
designed."” We believe that calixarenes will offer 4 variety of new
functions for the surfuce architectures of colloidal semiconductor

QDs.
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